The historical perspective of the problem of work-related musculoskeletal disorders (WRMSD) is outlined to understand why a new biopsychosocial paradigm is required. The available epidemiologic evidence is reviewed, and the clinical problem underlying the chronic pain that many sonographers experience is identified. Problem solving is broken down into identifying obstacles to recovery. Causation is multifactorial, and therefore management must be multimodal. A case that had a good outcome is presented. New industry standards (May 2003) for the prevention of WRULD in sonographers are cited. by nature, heterogeneous. This is one of the reasons why good-quality research into epidemiology and management is sadly lacking, especially with regard to upper limb pain. Terms such as cumulative trauma disorder, cervicobrachial syndrome, workrelated upper limb pain, repetitive strain injury, repetitive stress injury, and writer's cramp all refer to the same problem of chronic (long-term) diffuse arm pain with neuromuscular dysfunction for which there is no orthodox medical explanation. This article refers to these and other similar pain disorders of the low back simply as regional pain disorders. This term avoids implying causation, as so often the contributing factors are multifactorial. So often, the word injury is used when referring to these disorders (e.g., back injury, repetitive strain injury). The term implies that something has been injured and often sets the sufferer on a long and counterproductive search involving high-tech investigations, the results of which often show nothing more than normal age-related changes or no changes at all. It is rather like calling a common headache a head injury. It is preferable to reserve the use of the term injury to unambiguous tissue damage usually caused by a significant trauma such as a fracture or musculotendinous rupture.
The increasing prevalence of disability attributable to musculoskeletal disorders in industrialized countries has been described as an epidemic-in particular, the management of back pain has been a 20th-century health care disaster. 1 Pain complaints are usually self-limiting, but if they become chronic, the consequences are serious. These include the distress of patients and their families, as well as consequences for employers in terms of sickness absence and for society as a whole in terms of welfare benefits and lost productivity. Many causes for musculoskeletal pain have been identified. Psychological and social factors have been shown to play a major role in exacerbating the peripheral tissue source of pain by influencing pain perception and the development of chronic pain and disability. This new understanding has led to a "biopsychosocial" model for pain and functional disorders.
TERMINOLOGY
Much confusion arises due to lack of consensus on naming musculoskeletal disorders, which are,
Historical Perspective
Bernadino Ramazzini (1633 Ramazzini ( -1714 , the founder of occupational medicine, described the problems experienced by scribes (who wrote with a quill) in his treatise De Morbis Artificum in 1713: Furthermore, incessant driving of the pen over paper causes intense fatigue of the hand and the whole arm because of the continuous and almost tonic strain on the muscles and tendons, which in course of time results in failure of power in the right hand . . . what tortures these workers most acutely is the intense and incessant application of their mind, for in work such as this the whole brain, its nerves and fibres, must be constantly on the stretch: hence ensues loss of tonus. 2 It is clear that Ramazzini was aware of the interaction between mental stress and musculotendinous pain 300 years ago.
In the 1830s, there was an outbreak of writer's cramp in male clerks working in the British Civil Service, which was attributed to the introduction of the steel nib in preference to the goose-quill pen. During the next 50 years, various authors described this condition of "scrivener's palsy" or "writer's cramp" in other occupations, with such names as musician's cramp and shoemaker's cramp. At the end of the 19th century, Gowers (1845 Gowers ( -1915 coined the term occupational neuroses for this group of disorders. In the early part of the 20th century, there was an outbreak of cramp in telegraphers in the British Isles. A government committee that investigated this concluded that it was due to a combination of two factors: (1) a nervous "instability" on the part of the operator (what we might now call stress) and (2) repeated fatigue during the complicated movements required for sending messages.
At about the same time, there were descriptions of tenosynovitis, which is a painful condition affecting the tendons. Gowers in 1904 described a painful inflammatory condition of the muscles and coined the term fibrositis. 3 He noticed that musculotendinous structures in affected individuals were symptomatic when firmly palpated. This concept was developed by Janet Travell , who defined myofascial pain syndrome, 4 in which hypertonic trigger points ("jump-and-shout points") were the essential feature. Interestingly, careful research has established that 70% of known myofascial trigger points correlate precisely with ancient Chinese ah shih or acu-points, known to have been described 2000 years ago.
In Japan, there was sufficient concern regarding work-related arm pain problems for the Japanese Ministry of Labour to introduce work guidelines in 1964. These included rest periods and maximal work intensities. The Japanese Association of Industrial Health introduced the term occupational cervicobrachial disorder. The number of workers compensated for these disorders rose rapidly between 1970 and 1975.
In Australia in the 1970s, there was an alarming increase in the incidence of incapacitating arm pain, subsequently named repetitive or repetition strain injury (RSI) by Stone in 1983. 5 There was considerable geographical variation throughout Australia, even within the same organization and the same types of work. Much controversy arose to explain this problem. The absence of a histopathological diagnosis was consistent: polarized views were put forward ranging from psychiatric diagnoses to social and medical iatrogenesis (created by social or health care policies and practice). In the United Kingdom, an influential group of hand surgeons 6 made a review of the RSI problem and gave recommendations to the Industrial Injuries Advisory Council in 1990. The group's view was that the absence of clear-cut histopathological ("organic") disease indicates that there is no physical basis for these conditions, and the disorders that accounted for "nonspecific diffuse" arm pain were dismissed.
All of these views represent examples of the duality of orthodox medicine that has persisted from the 17th century: that disease can be explained as arising from the body or the mind, with the two being quite separate. Western medicine has had great difficulty accepting the interaction of physical and psychological factors in etiology.
It is clear that the orthodox biomedical model of illness is incapable of explaining these regional pain disorders. Chronic fatigue syndrome is another example of a similar functional disorder around which a great deal of controversy arises, and polarized opinions are firmly held by either the "in the mind" or "in the body" camps.
A Biopsychosocial Approach
The biopsychosocial approach is also known as a person-centered rather than a disease-based approach. It recognizes the interaction of biomedical or physical factors with psychological and behavioral influences in addition to social factors, which include family, culture, and occupation.
When considering a person who is troubled by a regional pain problem of the upper limb or back, it is helpful to think in terms of predisposing factors, precipitating factors, and perpetuating factors. This assists problem solving by identifying clinical, emotional, cognitive, social, or environmental factors that may be influenced by intervention to promote relief.
For example, the following is a case of chronic regional pain in the upper part of the body.
Predisposing factors may include the following: The lifetime period prevalence of neck and upper limb pain in the general population is estimated to be between 65% and 70%, with the prevalence of symptoms in excess of 3 months occurring in 17%. Point prevalence studies for the same complaints estimate that 13% to 22% are affected. 7 Various epidemiologic studies conducted on sonographers and sonologists in different countries are summarized in Table 2 .
All epidemiology surveys have limitations: those returning questionnaires may be more likely to be suffering symptoms and thus take an interest in the study. On the other hand, only those at work are studied, thus missing a large number who have retired or who are off sick due to these complaints (the healthy worker effect). However, when compared with similar studies in other workers, these results do point to an extraordinarily high morbidity among sonographers.
Of even greater concern is that these studies are showing that approximately 20% of sonographers are leaving the profession or taking premature retirement options because of persistent pain problems-a terrible personal and social cost.
All of the studies show that the commonest region to be affected by persistent pain is the shoulders and upper spine, with eye symptoms and sensory disturbances throughout the upper limbs very common.
Sonographers themselves identified habitual arm abduction, forceful gripping of and applying pressure through the transducer, and habitual rotation of the upper spine as postural risk factors. Workload increases and increasing numbers of obese patients to scan were identified as organizational risk factors.
THE CLINICAL PROBLEM
We have spoken with sonographers who have been experiencing longstanding regional pain problems and, after being treated by various specialists and therapists, have experienced little or no benefit. In addition, they received no assistance in understanding the underlying cause of their symptoms or advice on how to prevent the symptoms from occurring. These sonographers have sought advice about how to solve the problems they are experiencing.
The clinical findings are remarkably consistent:
• There was widespread spinal segmental dysfunction, especially thoracic (T)3-4 and T12-L2 (see Table 3 for definition). 
Definitions of Prevalence
Period prevalence is the number of people who have experienced the complaint at some time during the period of the study (e.g., lifetime). They are usually retrospective studies that depend on recall.
Point prevalence is the number of people affected by the complaint at the time of the study. • Active myofascial trigger points (see Table 4 for definition) in the following muscles: trapezius, supraspinatus and infraspinatus, levator scapulae, scalenus medius, pectoralis minor, biceps brachialis, the common finger flexors, and the thenar and hypothenar muscles of the hand. The active trigger points were on the pain-affected side, and invariably this was the transducer side.
• Some degree of subacromial rotator cuff impingement was frequently evident.
• There was longstanding dysfunctional movement of the scapulothoracic "joint" on the transducer side, with poor scapular stabilization and a protracted scapula, creating a thoracic outlet syndrome.
These findings are typical of longstanding musculoskeletal dysfunction (not disease) as a result of body misuse. The pattern of dysfunction can be clearly correlated with a pattern of body (mis)use that requires habitual slouched twisting of the spine, protracted scapula on the dominant side due to excessive reaching forward, excessive arm abduction, and forceful gripping of a tool in the operating hand. Every sonographer will recognize this posture. Electromyography (EMG) feedback devices are an excellent means of studying the development of muscle tension in different postures and will provide valuable feedback as an educational tool. For example, EMG demonstrates that the time to muscle fatigue in the upper limb when the arm is held in 30 degrees of abduction is 60 minutes, 20 minutes when held at 60 degrees, 10 minutes when held at 90 degrees, and 5 minutes when held at 120 de-grees. Reducing habitual abduction of the arm from a 75-degree abduction down to 30 degrees with an elbow support reduces EMG activity by 78%.
Muscles that, through evolution, have developed to move (as opposed to stabilize), when subjected to habitual isometric static loading, fatigue very easily. This can activate myofascial trigger points either by chemical (lactic acid) or mechanical irritation. The consequence is that pain is experienced, and this is frequently felt distant to the muscle affected. Muscles that harbor active trigger points shorten and can, over the course of time, create secondary problems-for example, tendon degeneration in the supraspinatus, neurovascular irritation (C8/T1) due to elevation of first rib by the scalene muscles constricting the thoracic outlet, or the sensory branch of the radial nerve as it traverses through the supinator muscle. Spinal joints stiffen due to habitual postural misuse, and these segments stop functioning correctly, thus setting up the potential for pain generation in that segment or in other parts of the spine because of secondary mechanical stresses.
HOW PROBLEMS DEVELOP FOR THE SONOGRAPHER
The following is a typical scenario of a sonographer who has been working clinically for many years without experiencing too many problems. The sonographer has been increasing the amount of "transducer time" due to a staffing shortage, working in a film-less department, increasing the volume of patients, and not taking lunches or breaks to accommodate the increasing patient volume.
Sonographers for years have inadvertently acquired bad postural practices because that is how 
Segmental Dysfunction
The motion segment is the functional unit in the spine.
For this intervertebral joint to work properly, all the tissues-bone, cartilage, synovium, ligament, and muscle-need to be intact, and each needs to have normal physiological function. Conversely, any injury to any tissues involved may lead to abnormal function and, often, pain. Pain and sensory disturbances can be referred into the skin (dermatome), muscles (myotomes), and other connective tissues (sclerotomes) derived from that segment in embryological development. they learned, and they believe the equipment should be used that way. For example, the scanning arm is held at a 90-degree abduction and protracted, and the hand grips the transducer to such an extent that the tips of the fingers blanche (made worse by smooth latex gloves covered in gel). The spine is twisted so that the screen can be viewed in many cases even by the patient, and the opposite arm can be used to operate the control panel. The room might have low humidity because of all the electrical equipment in use and lack natural ventilation. In addition, relatives might crowd into the room for the "entertainment value" of antenatal scanning. These environmental factors decrease the time before the onset of fatigue. All of this extra physical and emotional stress increases the likelihood that pain will manifest itself from the spine and muscles as mechanical and chemical activation of trigger points starts to take place. The perception of pain is closely related to emotional factors because of the two-way influence on the physiological pain-gates in the dorsal horn of the spinal cord.
The sonographer continues to work with increasing amounts of pain and other disagreeable sensations: he or she is conscientious and does not want to let colleagues and patients down. The worker is increasingly exhausted when he or she gets home and curtails social and recreational activities. Increased emotional stress of working with pain all day and worry about what might be wrong cause poor sleep patterns to develop. Relationships with the spouse begin to deteriorate, and the person becomes increasingly moody and depressed. To make matters worse, visits to the physiotherapist are not helping, and the family practice physician does not know what is going on because all the tests come back normal. Referral to a specialist results in scans and nerve conduction studies. These also come back normal. It is left for the health care provider to try and explain that "nothing is wrong and the sonographer patient will have to live with it." By this time, loss of work is becoming necessary, and there is talk of early retirement. Guilt and distress increase as some former colleagues appear to be able to cope working with their pain, and the consultant radiologist, who scans a few patients a week, tells the staff that there is no such thing as RSI-he or she does not have a problem, so "why don't you just 'all pull yourselves together?'" The spiral of despair and hopelessness as well as chronic pain now spins out of control. Financial and unemployment problems build. Having spent a whole career scanning, the sonographer has no other skill; redeployment is difficult, made worse by the perceptions of other potential employers, that employment of this individual may be risky because of the condition and how long the sonographer has been off work. The sonographer is informed that disability retirement benefits for a condition such as this "do not exist." Out of desperation, the sonographer files a compensation claim, knowing that this will probably be a long and contested process, despite the fact that section (5)(a)(1) of the Occupational Safety and Health Administration (OSHA) "General Duty Clause" states that the "employer must provide place of employment free from hazards that could cause injury."
Management of the Disorder
It can be seen clearly from the above scenario that the development and perpetuation of symptoms are a result of a complex interaction of many factors. Management therefore must equally be multimodal to be effective.
First, can the complaints be prevented? This question is best understood by considering the three components of prevention: A consensus statement was produced on prevention ( Table 5 ). Musculoskeletal complaints are part of everyone's life at some time and cannot be entirely prevented, but it was recognized and agreed by all that, with a collaborated effort, the prevalence of these complaints among sonographers can be reduced to background prevalence rates, with significant reduction in personal, social, and fiscal loss. Readers are encouraged to study the document that is available online. There is a massive opportunity for secondary prevention, which is being missed for a variety of reasons. These include failure to act early when something is clearly going wrong (perhaps through fear of admitting a problem and reporting it), ignorance (and sometimes frank prejudice) among health care professionals about how to diagnose and treat the disorders, and failure of management systems to effectively deal with perpetuating factors, all of which have solutions.
Many activities, both work and nonwork related, can cause disorders of the type discussed in the case study presented in Table 6 . When the disorder relates to one's occupation, it is referred to as work-related musculoskeletal disorder (WRMSD).
There are some important points to be aware of with regard to treatment intervention: • The upper spine around the T3-5 vertebrae is especially vulnerable to developing dysfunction: this will commonly cause, in addition to pain in the neck and scapulae, dysesthesia in the upper limbs because of the close relationship of the autonomic supply to the upper limbs at this level. It is known to practitioners of musculoskeletal medicine as the "T3 syndrome."
• Some degree of thoracic outlet syndrome is usually evident; myofascial release of the scalemae, pectoralis minor, and levator scapulae-three muscle groups that surround the outlet-is important.
• Most individuals will derive benefit from these treatments; there are strong responders at one extreme and poor responders at the other extreme, with most in between. Three or four treatments are necessary to assess the degree of response.
• The response to treatment is also dependent on the prevalence of and ability to modify perpetuating factors, particularly ergonomic stressors, lifestyle, and emotional, cognitive, behavioral, and social influences.
• There is no doubt that symptoms will be more responsive to treatment intervention when dealt with early on; the more chronic the condition, the more difficult (but rarely impossible) the prospect of achieving some relief of symptoms.
Sources of Further Information
• British Medical Acupuncture Society (www. medical-acupuncture.co.uk): accredited members are doctors with advanced skills in medical acupuncture, and all will be familiar with trigger point identification and needling. • Pilates (www.bodycontrol.co.uk): this is a complete system of body conditioning exercises, with the additional benefit of relaxation training and coaching on correct body use. Hatha and Iyengar yoga and the Alexander technique are similar programs: there is more in common with these systems than there are differences. All introduce simple exercises that can be done in the office environment during the working day. Jo was an experienced sonographer, age 42, who was struggling to continue working with persistent upper spinal and limb pain. Symptoms had developed three years ago during a time of reorganization in the department. She was very distressed because of persistent pain that was affecting every aspect of her life. She had reduced her hours to three days per week. This helped her to cope a little better, but the problems were still there. She was highly motivated to continue working as a sonographer because of the job satisfaction derived from her profession. She felt degraded by the whole medical process; despite many investigations and some treatments for symptom relief, she had no better idea of what was going on and what role she could play in her own recovery. She was understandably anxious about her future employment, especially after a rather unsatisfactory consultation with an occupational physician had confirmed her worst fears for chronicity and early retirement.
Physical examination revealed the typical findings mentioned above, without any evidence of inflammatory joint disease, cervical radiculopathy, tendinopathy, or peripheral nerve entrapment. She was not clinically depressed, and her anxiety was directed to clearly identifiable issues.
When it was explained to Jo what was going on, she was clearly more at ease, and obstacles to recovery were identified and solutions discussed. Importantly, those obstacles she could not influence (such as attitudes of others in the work environment and medical profession to her problems) were separated from those that she could influence. This is a critical step in problem solving complex issues and begins to involve the individual in the management process.
To deactivate the trigger points and restore some mobility to the dysfunctional spine, a course of three or four treatments using dry-needling techniques (also known as intramuscular stimulation) and acupuncture needles, 14, 15 together with stretching affected muscles and manipulating the thoracic spine, 16,17 was recommended. Intervals between treatments were four weeks. During this time, Jo was instructed on how to mobilize her thoracic spine and stretch affected muscles daily at home and between scanning patients. She agreed to return to her dancing and aerobic exercise regimes in the gym. Simple mental relaxation exercises were recommended too. Because of the chronic pattern of pain and disrupted sleep, a short course of dothiepin 25 mg was prescribed to be taken two hours before lights-out for six weeks.
At review, two months after the third treatment intervention, she remained pain-free at work and at home. She experienced minor aches that she could effectively and quickly deal with by some exercises. The positive effect this improvement had on her life and family was dramatic. At this visit, tertiary prevention was discussed: it is vital that Jo continues to practice spinal-conditioning exercises indefinitely, and she was encouraged to rehabilitate her musculoskeletal system through a Pilates program. Learning points were highlighted (e.g., how she must spot and correct immediately poor ergonomics and work practices). Her husband was also shown how he could practically help to relieve symptoms his wife was experiencing if needed. Where and when to seek further treatment if needed was discussed. It was agreed that she will continue scanning no more than six sessions per week and use the extra time available to develop other professional interests.
